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® Relative position transducer. 



@ A relative position transducer (10) for d^ermin- 
ing the angular position of a first memt)^ (20) an- 
gularly movable relative to a second member (18) 
includes a coded track (22) on the first member, a 
read head (30) mounted on the second member, 
drive means (not shown) for oscillating the read head 

Sto scan over and read a limited region of the coded 
track, and a mircrocomputer (not shown) for inter- 
^predng the code read by the read head as the 
U^position. A first sensor (60» 62) detects when the 
^read head is in a predetermined reference position. 
OOand a second sensor (103, 104) detects the end 
'^points and directk)n of the read head scan. The 
sensor outputs are connected to the computer for 
Ocorrect interpretation of the read head output An 
{^interpolation is used to improve the accuracy of the 
Ul position determinatk)n. 
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RELATIVE POSITION TRANSDUCER 



The present invention relates to apparatus for 
detecting the relative displacement betmen two 
relatively movable memt)ers. 

In particular, the Invention relates to an angular 
displacement transducer, having an output signal 
deperxlent on the angular position of a rotary mem- 
ber relative to a fixed member, typically the trans- 
ducer housing. The output signal is generated even 
when there Is no relative movement between the 
memt)ers. 

In a known transducer, tfie rotary memt)er is a 
rotatable disc carrying an angularly coded track. 
The track is made up of a sequence of light and 
dark features, forming a binary code. The code on 
the disc has the property tfiat any group of N 
adjacent bits is unk^ue. so that t>y reading N bits of 
code, the angular position of the disc can be deter- 
mined. Typically N Is of the order of 15 for ade- 
quato resolutkm of the angular posHton. 

An angularly fixed read head Is used to read 
the code on a small area of the disc. The read 
head comprises N adjacent photosensitive devk»s, 
since for tfte position to bQ determined N bits of 
code must t)e read from tfie disc 

A disadvantage of this type of transducer is 
that the arrangement particularly the optical ar- 
rangement for reading the N bits of code simulta- 
neously, is compHcated and therefore expensive. If 
more resolution of tiie angular positkm is rsqulred, 
more bits of code need to t>e read, requiring a 
more complicated and expensive optical raad head. 

Furtfiermore, if it Is desired to bury ttie angular 
code in a subcode as is often desirable, even more 
bits of tfie coded track will need to be read simulta- 
neously to ot)tain an angular position determination. 
This requires an even more complk:ated, and 
therefore more expensive, read head. 

An object of the present invention is to provkle 
an angular position trstsducer which can obtain 
adequate resolution of artgular position, and whteh 
is not prohibitiveiy expesnlve to buiM. 

According to tfie present Invention, there is 
provided an apparatus as defined in dalm 1. 

With an apparatus in accordance with tfie irv 
vention, a read head that is capable of reading only 
a single bit of a trinary code on the track, can be 
used to read a phjraTity of adjacent iHts sequen- 
tially. 

An emtxxtiment of ttie invention will now be 
descrfoed by way of example with reference to tfie 
accompanying drawings, in whk:h: 

Rg. 1 is a perspective view showing the 
interior components of an angular dsplaoement 
transducer; 

Rg. 2 is a diagramatic view sfiowing tfie 



optical pick-up used in the angular displacement 
transducer of fig. 1: 

Rg. 3 Is a series of diagrams showing opera- 
tion of an autofocus control; > 
5 Rg. 4 is a section along ttie line IV-IV of 

Rgure 1; 

Rg. 5 Is a gri^ showing tiie variation of the 
net signal derived from the optical probe with tfie 
displacement of the read head; • 

70 Rg. 6 shows how the code is represented on 

the (fisc of tiie angular ctisplacement transducer 
with associated waveforms; 

Rg. 7 is a btock diagram showing the com- 
plete circuit for detecting tfie angular displacement 

15 in the angular displacement transducer; : 

Rg. 8 is a diagramatic view of coded data 
read from the track on the (fisc; and 

Rg. 9 is a series of grapfis showing the 
variation of the displacement of the^ read head In 

20 time, and the waveforms of tfie end point detector. 

Referring to figure 1 , an angular displacement 
transducer 10 has an input shaft 12. The shaft 12 Is 
rotatably mounted by means of a bearing 14 In a 
hole 16 In the front plate 18 of the transducer 

25 housing. The shaft 12 extends through the hole 16 
and is fastened to tfie centre of a rotatable disc 20 
inside the transducer, wfiereby rotation of the sfiaft 
12 causes corresponding rotation of the disc 20. 
The disc 20 is very similar to a conventional 

30 compact-disc used to store digital representations 
of an audio or vkieo signal as an optical txnary 
code. The disc 20 carries a continuous circular 
track 22 of a sequential pseudo-random binary 
coda a short distance Inside the outer edge of the 

35 disc 20. The code Is represented on tfie disc as a 
sequence of binary features, defined on ttie track 
by areas of reflective and non reflective material. A 
reflective area corresponds to a fogical 1, and a 
non reflective area conresponds to a to^cal 0. The 

40 pseudo-random code has the property that any set 
of 15 adjacent bite of the date code is unk)ue, so 
ttiat by reading a portion of 15 bite of the date 
code, ttie angular position of ttie disc 20 can be 
determined relative to a predetermined reference 

45 position. 

The <fisc 20 can be manufactored tsy a similar 
metfiod to tfiat used to manufacutre conventional 
compact discs by copying a master or prototype 
disc. Tfie prototype disc 20 can be made from a 

50 square of a low expansion glass sut>strate. Tfie 
glass is initially covered by a layer of evaporated 
cfirome. wftich Is highly optically reflective and 
whk:h is covered In turn by a photoresist The 
photoresist is then selectively removed using a 
laser, so as to leave ttie desired bit pattern covered 
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and to expose the chrome around the M pattern. In 
the bit pattern, the chrome is left covered wherever 
a logical 1 is to appear in the coded hack. TTie 
exposed chrome is then chemically etched away, 
and finally the remaining photoresist is removed to 
expose the chrome bit pattern. The square of glass 
substrate is then cut to form a disc, and a hole is 
formed in the centre for the end 24 of ttie shaft 12 
to pass through. 

The size of the disc is determined by Ihe width 
of each feature on the coded track, and the resolu- 
tion of the angular cfisplacement measurement re- 
quired for the transducer. In the prefenred embodi* 
ment. the width of each feature on the cfisc is 
approximately 1.9um. The number of data t^ of 
code read to determine the angular displacement is 
15. and each data bit is represented on the cfisc as 
a sequence of three features. The code of 15 
consecutive 0*s is not used, so that the number of 
angular positions available l>y reading 15 bits of 
binary code is 2^^ - 1, or 32767. The total number 
of features on the track is therefore 32787 x 3 = 
98301. 

A disc of around 60mm in diameter is suffk:ient 
to carry tfie track. 

if the size of each feature were reduced to 
lum. the diameter of the disc couM be reduced to 
approximately 33mm. 

A photsensHive optical read head 3D is moun- 
ted on a support assembly 32 at)ove the disc 20 to 
read a regfon of the coded track 22. The support 
assembly 32 contains m agnetic c olls (not shown) 
for controlling the height of the read head 30 above 
the surface of the disc 20. These coils aro con- 
trolled by an autofbcus mechanism described 
hereinaftBr. 

The read head 30 contains an objective lens 34 
and is part of an optical pk:k-up 33 shown in figuro 
2. Referring to figuro 2. the optteal pfok-up 33 also 
includes a semiconductor laser dkxte 38. a polaris- 
ed beam splitter quarter wavelength plate 38, a 
collimating lens 40. a cyPndric^ lens 42 and a four 
quadrant photosensitive diode 44. The read head 
30. the support assembly 32. and the optical pick- 
up 33 aro all similar to the equivalent components 
used in a oonventtonal oompact-cfisc reacfing 
mechanic. 

In use. Bght emitted by the laser cfiode 36 
passes through the polarised beam splitter 38, and 
through the collimating lens 40. from which it 
emerges as substantially parallel fight The light is 
then focused by the obiective lens 34 in the read 
head 30 to llluminato a small area on the surface of 
the disc 20. The autofocus mechanism described 
hereinafter is sufRcientiy accurate to ensure that 
the fight is focused to an area no wider than the 
wuitt) of a feature on the track. i.e. 1 .Sum. 

If the feature is a k)gk»l 1. the fight illuminatos 



an area of reflective chrome and is reflected back 
afong its original path through \he objective lens 
34. through the collimating lens 40 to tiie polarised 
beam splitter 3a The light is ttiero reftocted 

5 through 90^ to pass through the cylindrical lens 42. 
and forms an illuminated image on ttie photosen* 
sitive diode 44. The diode 44 gives a "light* output 
indicative of a logfoal 1 feature being read from tiie 
coded track 22. , 

10 If the feature is a logical 0. tiie light ifiuminates 
a non reflective area where the chrome has been 
rerrtoved. end largely passes through the disc with 
littte reflection.. Virtually no Dght is reflected back 
through the optical pfok-up 33 to the photosensitive 

75 diode 44. The: diode 44 gives a "daric" output 
incBcative of a to^cal 0 feature being read from the 
coded track 22.. : 

As there are deviations even in the flattest of 
discs the objective lens 34 must be able to refocus 

20 asfhe disc surface deviates. An autoft)cus mecha- 
nism is ttierefore required to continuously monitor 
the fdcusing. TO; gerierate a correction signal, ttie 
cyfindrical lens 42 just prior to tiie photodfode 44 is 
Refonring ito figs. 3aJ).c as the distance 

25 tratween the objective lens 34 and tiie disc 20 
varies, ttie focal point of the system changes and 
ttie image 48 projected by ttie cyfindrical lens 
changes shape. The change in the image on the 
photodiodes generates the focus correction signal. 

30 The objective lens needs to be moved until the 
signal on the four quadrant photodlode gives a 
circle as shown In figure 3a. The signals from ttie 
photodiodes 44ajt>,c and d are ttien equal. In fig. 
3b. ttie lens 34 is too near ttie disc 20. and ttie 

05 focal point is displaced from its focused position, 
causing ttie image 48 formed on ttie photodiodes 
44 to be an eUipse. The output signal fifom ttie 
quadrant dkxles 44a and 44c is greater ttian ttiose 
from tfie quadrant dkxles 44b and 44d. 

40 In figure 3c. ttie lens 34 is too for from ttie disc 
20. and ttie focal point is displaoed in the opposite 
direction, causing the image formed on the 
photodiodes 44 to be anottier elfipse, rotated 
ttirough 90°. The output signal from the quadrant 

45 cfiodes 44b and 44d is ttierefore greater ttian ttiose 
from the quadrant diodes 44a and 44a 

The difference in signal from ttie photodkxles 
is used to continually correct the mecfianism until a 
zero difierence signal is obtained i.e. the laser 

50 beam is focused. 

The objective lens Is displaced in ttie directicm 
of ttie optical axis by a coil and permanent magnet 
structure. Control voltages from ttie focus drive 
drcult are appfied to ttie focus coil and it moves up 

55 and down witti respect to ttie magnet There will be 
a maximum reaction time T in which ttie correct 
focusing will always be achieved. 

TTie autofocus of the read head is being used 
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as designed for the CD. player. The autofbcus 
mechanism is only operative when light is being 
reneciea onto me pnotoaioae 44. 

A scanning mechanism is provided to scan the 
read he^ 30 over a region of the coded track 22. 
allowing it to read sequentially the features con- 
tained in the region, sufficient to read at least 15 
twts. By scanning, a sufficient numtier of features 
can be read to enable tfie angular position of the 
disc 20 to be detennined, even though the head 30 
can itself only read one feature at any one mo- 
ment, and the disc 20 may be stationary. 

Referring to figure 1. in the prefenred emtxxfi- 
ment the support assembly 32 Is attached to one 
end 50 of a torsion t>ar 52. The other end (not 
shown) of the torsion bar 52 Is fixed relative to the 
transducer housing. The scanning is achieved by 
forcing the read head 30, its support assembly 32 
and the torsion bar 52 to oscillate at the resonant 
frequency of the torsion bar. The oscillation causes 
the read head to move back and forth clrcumferen- 
tially along the region of the track 22. The oscilla- 
tions are cited by means of a magnet and an 
electromagnetic coil (not ^lown). The cdl gen- 
erates a circular magnetk: fieU in a plane per^ 
pendicular to the axis of the torsion bar 52. The 
coil is 2ttt^:hed to the read head 30. and the 
magnet is fixed relative to ttie transducer housing. 
The magnet and coil are equivalent to those used 
In a conventtonal compact cfisc reading mechanism 
for controlling radial movement of the read head. 

The resonant frequency of oscillation is in the 
range 50Hz to 250Hz. and is typically 100Hz. This 
frequency of oscillatkm is chosen so that the maxi- 
mum scan velocity gives a minimum read time 
period per feature wNch is greater than ttie focus- 
ing reactton time T of the autofocus mectianism. 

As explained hereinbefore, 15 txts of data code 
need to be read to determine a unk^ue angular 
position, and each bit of data is represented on the 
track 22 as a sequence of 3 features. The width of 
each feature on the track 22 is 1.9um Therefore, to 
enable an angular position to be determined, the 
minimum scan distance must be 15 x 3 x 1.9um » 
85.5um. The actual scan distance used is approxi- 
mately llOum. This provkJes about 20% overscan 
to reduce tfie chances of an erroneous reading 
from missing data bits near the end points of the 
scan. The number of data bits read during the 
overall scan is approximately 19. 

To enable the stream of output from the read 
head to be interpreted correctly, two reference 
sensors are provided. 

The first sensor detects the end pcrints of the 
oscillatory travel of the read head and the directoi 
of scan. This allows the data road in one cfirection 
of scan to be separated from data read in the 
opposite direction In tfie next scan. 



A magnetic pick-up probe 104 is used for the 
first sensor. 

Aj]gg]^103 is feed as a oountenweight for 
the read head. The magnetic pick-up remains feed 

6 and measures the rate of cfiange of magnetic ftux 
as the magnet appro^hes and moves away from 
the probe. Refening to figure 9a. the displacement 
of the read head during its osdtlations about a 
mean point will be approximately a ^ewave, 

10 which approximalely linear between the displace- 
ment positions shown as 'A* and 'B*. Data trits are 
only read from the disc during tfie linear rsgion of 
the scait Referring to figure 9b, Itie corresponding 
output from the pk:fc-up wiD be a stnewave whk:h is 

15 90^ out of phase with the displacement of the read 
head. During the linear region in one directkm of 
the read head scan, the output from the pick-up is 
atx>ve a threshold 'C. and during tfie linear region 
in the opposite directkxi of scan, the output is 

20 below a thrsshokl 'D*. Comparators are chosen 
accordingly to detect when the output exceeds the 
threshokJs *(^ and *D*. thereby determining the end 
points of the scan and the scan direction. This is 
essential because, as explained hereinafter for an 

25 anti-ckKkwise scan the code needs to be inverted 
and interpreted in reverse. 

The output from tfie magnetic oick-up is also 
applied in a positive feedback manner to tlie scan- 
ning drive m^yietic cofls. to maintain resonant 

30 oscillation of the support assemt>ly and the torston 
bar. 

The secorxJ sensor detects when the head is in 
a predetermined reference position relative to the 
transducer housing. This enables the 19 bfts of 
35 data read during a scan to be signed so that tfie 
correct 15 txts are selected for tfie angular posHkui 
reading. 

fMerring to figure 1. an optk»d probe 60 is 
fixed relative to the transducer housing, and Is 

40 directed to detect the presence of an optk:al refer- 
ence mark 62. The reference mark 62 is mounted 
on the counterweight 39 which moves back and 
forth with the oscillatory scanning. 

Fteferring to figure 4, the probe 60 comprises 

45 three optical fibres 64. 66, 68 arrranged in triangu- 
lar fbnmation. with their ends flush. The fibres 64 
and 66 have their optical axes 64* and 66' located 
on the drcumference of a circle having the axis of 
the tor^ bar at its centre. The optical axis 68' of 

50 the optical fibre 68 lies between the axes 66' and 
64'. and Is offset radially. 

The remote end of the optical fibre 68 is con- 
nected to a light source (not shown), and the re- 
mote ends of the optical fibres 64 and 66 are 

55 connected to respective photosensitive detectors 
(not shown). The outputs from the photosensitwe 
detectors are connected to a difference circuit (not 
shown). The output from the difference circuit is 
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zero when the photosensitive detectors receive 
equal intensities of light 

Tlie optical reference marie 62 is provided by a 
line 70 of reflective chrome on a glass plate 72. 
The width of the fine 70 is dependent on the 
dimensions of the optical probe 60. as explained 
below. 

Referring to figures 1 and 4, in use during the 
oscillalory scanning movement of the head 30, the 
optical mark 62 moves in sympathy back and forth 
under the probe 60. The output from the difference 
circuit will be dependent on the (fisplacement of 
the head 30 from the reference position, and is 
shown in figure. When the read head 30 is near the 
reference position, the Qxcbe 60 Is directly over tfie 
reflective fine 70. Light from the optical fibre 68 
illuminates the line 70, and is reflected bade down 
the fibres 64 and 66. 

In the reference position, equal intensities of 
light are reflected back down the fibres 64 and 66, 
so that the output from the difference circuit is 
zero. The signals from tfie pfiotosensitive detectors 
will only be equal when tx>th fitMres are equally over 
the reference mark. This point will be unique, pro- 
vided that ttie wkfth of the reference line 64 is less 
than the distance between the outermost points off 
me Dgnt transmissive portions or me opocai nores, 
62 and 64, as shown by the dimenston "E" in 
figure 4. 

When the head 30 is ctose to the reference 
position, ight is refiected back from ti)e line 70. but 
the intensities of the light refiected down each of 
the fibres 64 ar)d 66 are unequal, and depend on 
which side of the reference position tiie head is at 
ttiat moment Since tiie outputs from the photosen- 
sitive detectors will ttierefore be unequal, the out- 
put from the difference circuit will be non-zero, and 
its sign. eitt)er positive or negative, will depend on 
whk:h side of the reference position the head is at 
that moment 

When the head 30 is not near the reference 
position, a small amount of light is always reflected 
back down at least one of the fibres 64 and 66. aruj 
ttie output signals from the photosensitive detec- 
tors are small, but different The difference signal is 
also small, txit not zero. 

Therefore each time the read head approaches 
tiie reference position from one side during its 
oscillatory movement the output from tiie dffer- 
ence drcuit rises gradually from a small positive 
value until it reaches a maximum positive value. As 
the bead passes tiirough ttie refierence position, the 
output signal will drop throu^ zero. As ttie read 
head moves away from the reference position, the 
output signal will reach a minimum negative value 
before gradually rising to a small negative value. 

Each time the head passes through the refer- 
ence position in ttie opposite ctirection, ttie output 



si^al will be the same as that described above, 
but inverted. 

Refening to figures 6 and 6b. the binary data 
code is represented on the track 22 as a sequence 
5 of binary features. The features appear as areas 74 
of reflective material denoting a logical 1, and 
areas 76 of non reflective material denoting a togl- 
calO. 

Refenring to figures 6b and 6d, each bit 78 of 

10 data is represented as a sequence of three fea- 
tures, as follov^: data t>it 1 ^ 110 t>inary features 
data bit 0 100 binary features 

As the read head 30 scans an area of the track, 
it will read sequentially ttie features in ttiat area 

75 Say, for example, ttiat during a portion of tfie scan, 
tfie head 30 reads the sequence of features shown 
in figure 6a. in the fonrard cHrection as shown by 
tfie anrow 80. The output 82 of the read head 30 is 
shown in figure 6c. The output is a continuous 

20 stream of pulses representing the features read. 

By representing ttie data bits by the features 
as described above, the first feature read for each 
data bit is a k)glcal 1. and tfie last feature read for 
each data t>ft Is a bgk:al 0. This enat>les tiie 

25 individual output stream to t>e split Into data tut 
frames containing the the 3 .features for ttie data 
bit since each data bit frame begins with a rising 
edge 83 of a high pulse. . , ^ .v 

The middle feature corresponds to the data txt 

30 being represented. Thus at short high pulse 84 
conresponds to a logical 0 data bit and a kmger 
high pulse 86 corresponds to a togical 1 data bit 

Refenring to figures 6cvand 6e, the regular 
occurrence of a rising edge 83 of a pulse endt)le$ a 

3S dock signal 88 to be derived from the output 82 of 
the head 30. The cfock signal 88 can be used l>y 
the transducer circuitry for timing purposes to de- 
cide whettier a data pulse is a long data pulse 86 
representing a logk^al 1, or a short data pulse 84 

40 representing a togfoal 0. 

The above description of how the coda on the 
track 22 is read, applies when ttie fiead is moving 
in the forward scan direction. However, tfie code is 
also read during the return, or reverse, direction of 

45 scan, when the read head is moving in ttie op- 
posite direction to the arrow 80. 

During a reverse scan, the output 82 from ttie 
read head 30 is inverted, by an inverter (not 
shown) forming ttie signal 90 in figure 6t The 

50 signal 90 has similar properties to the signal 82, In 
ttiat (viewed from right to left) ttie bits of data code 
are represented by date pulses beginning with a 
regular rising edge 92 from which a cfock pulse 
can be derived. The lengttis of the pulses cor- 

55 respond to whettier the date bit is a togfoal 1 or 0. 
but since ttie signal has been inverted, a fong pulse 
94 conresponds to a togical 0. and a short pulse 96 
corresponds to a togical 1. The bit order moreover 
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must be reversed. 

If the disc 20 is itself rotating, the number of 
bits of the code on the track 22 read when the 
head 30 is moving in the opposite direction to the 
direction of rotation will be greater than when the 
disc is stationary. Similarly the numt)er of bits of 
code read when the head is moving in the same 
direction as that of rotation wiil be iess than when 
the disc is stationary. If the rotational speed of the 
disc becomes sufficiently high thai not enough bits 
of data are read during the scan in the direction of 
disc rotation, ihe reading is distarded, and only the 
reading taicen in the opposite direction is used. 

Rgure 7 is a blodc diagram showing the parts 
of the transducer, and how they are Interconnected. 
The outputs from the four quadrant photodlode 44 
are connected to a signal and focus processor 100, 
which performs the autofocus operation described 
hereinbefore. The processor 100 also has an output 
102 that corresponds to the overall net signal read 
by the read head 30. 

The arrangement includes tfie ,gaflDate ,.first 
sensor 104 and the magnet 1 03, for detecting the 
end points of the approximalely inear portion of 
head scan and the direction of tfie movement of 
tfie head during its oscillatory scan. The output 
from the maon^ SP"^ ^ p>assed through 
comparators 106 and 107 connected in parallel. 
The output from the comparators are passed to an 
^(clu^ve or logic gate 108, providing a net output 
110. Referring to figures 7 and 9 one comparator 
provides a true output wnen the signal atx>ve the 
threshold 'C*. the otfier when the signal is below 
the threshold 'D*. The logic gate 108 provides a 
large (true) output only wtien one comparator out- 
put is true and the other is false, i.e. when the 
signal ^gs. 9b.9c) is t)etween the thresholds. 

The anangement also includes the optical 
probe 60 described hereinbefore. The outputs from 
the photo sensitive detectors are connected to ttie 
difference amp&fier 112, whose output is then 
passed to a comparator 114. giving a true output 
signal when the head is in the reference position. 

The output from the comparator 114. and the 
outputs 102 and 110 are each connected to a 
control circuit 116, which determir^ from the sen- 
sor outputs, the dtrsction of scan during the oscil- 
latory movement, the end points of the linear scan 
portions, and the instant that the read tiead 30 is in 
the reference position. 

The control circuit 116 has control lines 117 
and 118 for controlling four counters anranged in 
parallel. 

The first courrter 120 firnes tfie period of the 
duration of a data pulse when read by \he read 
head 30. The second counter 122 times the subse- 
quent period when no data pulse is being read. 
The third counter 124 counte the number of pulses 



read by the head during the portion of the scan 
after the detection of the reference position. The 
fourth counter 126 times the period from the detec- 
tion of the reference position in a date bit frame to 

5 the end of the date bit frame in which the reference 
position occurred. - 

The output from the first counter 120 is con- 
nectsd to a latch 128. and the output from the 
second counter 122 is connected to a latch 130. 

10 The output f^ the third counter 124 is connected 
to a buffer 132. and the output from the fourth 
counter 126 is connected to a buffer 134. The 
latches 128 and 130. and the buffers 132 and 134 
are controlled by a control line 136 from the control 

15 circuit 116. . t.Hc^*. : 

Under the control of the control circuit 116. the 
latches 128 and 130; and the buffers 132 and 134 
Interface with a microcomputer 138 which inter- 
prate the date pulses as the date code, and refers 

20 to a look up table 140 to ol)taln the angular positk>n 
conresponding to the date code. The angular posi- 
tion is output by means of an output buffer 142. to 
enable the transducer to be connected to external 
measurement and monitoring apparatus. 

25 In use. wfien the read liead is at an end point 
of a scan, and is about to t)egin a scan, ths control 
cturcuit sends a signal via the control line 118 to 
reset the counters 120. 122. 124 and 12& 

As the scan begins, the first date pulse ap- 
se pears at the output 102 of the read head. 

The first counter 120 times the length of the 
date pulse, and tiie second counter tfien times the 
sutisequent perk)d until the next date pulse ap- 
pears. The final values of the first and second 

36 counters 120 arxl 122 are stored in the latches 128^ 
130 respectively, and are transferred to the micro- 
computer 138 on tiie production of an intenrupt 
signal by tfie control circuit 116 when the next date 
pulse appears at the output 102. The mlcrocom- 

40 puter 138 determines from the measured relative 
time period of tiie pulse and tiie sut>sequ^ time 
period until tiie next pulse, tiie value of the date bit 
in the pulse. If tiie period of the pulse is greater 
than the sutisequent period to ttie next pulse, the 

45 date bit is a logical 1, otherwise the date bit is a 
k)gicalO. 

When the read head reaches the reference 
position during ite scan, ttie control cirudt 116 
sends a signal to start the tiiird and fourth counters 
50 124, 126. At the end of tfie scan, tiie values in the 
buffers are passed to the mk:rocomputer 138 for 
processing. The value in the buff^ 132 corre- 
sponds to the position in tfie scan of the date 
frame dimng which the reference position was de- 
55 tected. This enables the microcomputer to align tfie 
' date bite so tiiat tiie correct 15 bite of date are 
selected for the angular position determination. 
The value in the buffer 134 corresonds to ttie 
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tim6 poflod botwBsn tho instsnt that tho refidrBncB 
position was detected and ttie end of ttie data bit 
frame during wNch tfie reference position was de- 
tacted. This is used bf the microoomputer 138 in 
an Interpolation method, descnlsed below, for im- 
proving the resolution of the angular position deter- 
mination. 

When the head 30 reaches the end of tfie 
scan, ttie control circuit 116 sends reset pulses to 
the counters 120. 122. 124 and 126 and to the 
microcomputer 138. During the scan the microcom- 
puter will have received approximatBly 19 bHs of 
coded data but the conrect 15 bHs are selected for 
the angular position determination according to the 
accurance of the reference position. The micro- 
computer 138 accesses ttie look-up table 140 to 
obtain ttie angular position corresponding to the 
code read from the disc 

Refening to ftgure 8. the angul^ positions de- 
termlnat>le by ttie transducer are quantised in ar>- 
gular values having a step width equal to the an- 
gular width 144 of each coded data bit 146 (3 
features) on the track 22. Reading the code itself 
cannot provide an angular position to an accuracy 
corresponding to less than the angular wkJth of the 
coded data pulse. 

A method of interpolatton is used to Improve 
the resolution. Tlie method exploits the accurate 
nature of the reference positk)n detector. The posi- 
tton of the reference positkm in the scan Is denoted 
by the annow 150. 

After a scan has been completed, the txjffer 
132 will contain the value corresponding to the 
position in ttie scan of the coded data bit 148 
during the reading of which the reference positk)n 
was detected. The buffer 134 will contain a valve 
conesponding to the time period t)etween tfie In- 
stant that the reference positkm was detected and 
the end of the data bit 148 during whk:h the detec- 
tkm occurred. The latches 128 and 130 will contain 
valves corresporxMng to the overall time pertexi 
taken to read the coded data bit 14a 

The mk:rocomputer 138 compares the ratios of 
ttiese time perkxts and derives a displacement 
value corresponding the displacement of the data 
bit 148 relative to the reference positkm 150. This 
displacement valve is combined with the angular 
position determined from the kwk up table to in- 
crease the resolutkm of the angular positkm signal. 
The improvement in Ihe resohitkm will be depen- 
dent on how accurately the relative time periods 
described atxyve can be measived, and will there- 
fore be dependent on ttie frequency of the ckx^k 
signal supplied to the counters 120. 122 and 126. 
For example, if the ckxA signal has 16 counts per 
data txt perkxf. the position of the refierence mark 
will be detennined to one eighth of a coded data 
bit giving an effective resolution ttvee bits better 



than the coded data on the track 22. 

In an alternative emtxxtiment ttie two reference 
sensors 103. 104 and 60, 62 are replaced by a 
linear variable <fiff#rential transformer cfisplacement 

5 sensor, having a magne ti^ yre m ovable axially 
within tfie cdls of^^^S^tial transformer. The 
movable core is connected to the countenfveight 39 
on the support assembly 32. and projects there- 
from In the scan direction. The body of the sensor 

70 containing the coils is feed to the housing. Scan- 
ning causes the core to reciprocate within the coils, 
produdng an aHemating output signal representa- 
tive of the scan. The output signal is sufficiently 
accurate to define both the linear portion of the 

75 scan and ttie centre of ttie linear portion. Compara- 
tors are chosen to detect these positions, and to 
provide outputs for connecllon to tfie countrol cir- 
cuit 116. As in tfie previous embodiment the out- 
put from the position sensor is ampSfied. and ap- 

20 plied in a positive feedback manner to tfie scanning 
drive maone^ ^^^ls. to maintain resonant osctlla- . 
tion of tfio support assembly and tfie torsion K>ar. 

It will be appreciated that with the emtxxJiment 
descrit)ed atx>ve. adequate resdutkxi of tfie an- 

25 gular position can be obtained, even though the 
read head can itself only read one feature of the 
code on the disc at any one moment The use of a 
simple read head reduces the cost of the trans- 
ducer compared to the cost of equivalent trans- 

30 ducers using more complk:ated read heads. 

ft will be appreciated ttiat in ttie embodiments 
described above, the read head, its support assem- 
t>ly. tfie coded disc, and ttie control deytees for 
controlfing movement of the read head, are all 

35 similar to corresponding devices used in a conven- 
tional compact disc reacfing mecfianism. The em- 
txxiiment can use a conventional compact cfisc 
reading medianism, only minor mocPcation k)eing 
required. 

40 It will be appreciated ttiat alttiough in ttie em- 
txxliment descrUbed atxyve. only one read head is 
used, in an altemative embodiment two or more 
read heads coukJ be used, if two read heads were 
used, tfiey could be mounted on the same support 

45 assembly, and arranged to scan two separate re- 
gions of the track. The transducer woukJ then re- 
quire a second circuit to control the autofocusing of 
the read head, and to interpret the coded data t>its 
read from the track by the second read head. The 

60 two results couM be combined to improve further 
the resolution of the angular portion detenmination. 

By using two read heads, any prot>lems en- 
countered from misalignment between the support 
assembly and ttie disc couki be overcome. If marn 

55 ufacturing tolerances make one head become more 
misaligned, ttiey coukJ be arranged to make the 
ottier head become more aligned. Only ttie output 
from ttie better aligned head woukJ then be used. 
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It would also be possible to have more than 
one head reading more than one track and still 
obtain considerable advantage over apparatus re- 
quiring as many heads as there are bits in a code 
word. 



Claims 

1. Apparatus for detecting the position of a first 
member (20) movat)le relative to a second mervH 
ber, comprising a coded trade (22) on ihe first 
memt>6r» and extendirig in the (firection of the 
relath^ movement characterised in ttiat it furth«' 
comprises a photosensilive read head (30) moun- 
ted on the second memt)eri means (32, 52) for 
oscillating the read head to scan over and read a 
limited region of the coded track, and means 
(116.120.122.124,126.128,130.134.138^140) for in- 
terpreting the code read by ttie read head as the 
position. 

2. Apparatus according to daim 1, characteris- 
ed In that the position is an angular position, and 
the first member is a rotatable cfisc (20). the coded 
track (22) fcteing formed as a drde on the dtsa 

3. App£ffatus according to daJm 1 or 2, charac- 
terised in tftat ttie code is a binary data code. 

4. Apparatus according to daim 3. characteris- 
ed in that the binary data code is arranged sequen- 
tially akmg the track (22). 

5. Apparatus according to daim 4, characteris- 
ed in that each bit of the data code Is represented 
on the track as a sequence of binary features, 
namely a first feature corresponding to a logical 1, 
a second feature corresonding to the data bit, and 
a third feature corresponding to a logical 0. 

6. Apparatus according to any of daims 3 to 5, 
charactorised in that the tnnary data code is a 
continuous pseudo random code having the prop- 
erty that any selected group of N adjacent Ints of 
the code is not repeated In any other group of N 
adjacent bits, N being a positive Integer and the 
amplitude of the osdilatkm bang suffident to scan 
a region encompassing at least N bits. 

7. Apparatus according to any of ttie preceding 
daims. characterised in ttiat the code is read se- 
quentially in both directkxis of travel of the osdilat- 
ing read head (30). 

8. Apparatus according to daim 7, characteris- 
ed in that it further comprises means (116) for 
selectively inverting the output signal from ttie read 
head whereby, for one directkxi of scan the output 
signal is not inverted and, for the ottier directton of 
scan the output signal is inverted. 

9. Apparatus according to any of the preceding 
damSk In wtiich the first member is moving relative 
to the second memt)er. characterised in tfiat the 
apparatus further comprises means (116) for con- 



trolling the interpretirig means such that the code is 
only interpreted from the track during a scan In the 
opposite direction to the direction of movement of 
the first member (20) relativa to ttie second mem- 
5 ber. 

10. Apparatus according to daim 9, char£K> 
terised in that ttie means (116) for controlling ttie 
Interpreting means are responsive to the speed of 
moverr)ent of the first member to cause the code to 

70 be interpreted only during a scan In the said op- 
posite direction onty^ wtien the speed of movement 
exceeds a predetermined level. . ;> 

11. Apparatus according to any of the preced- 
ing daims, characterised In ttiat the means for 

15 osdHating the read head comprises a magnet and 
a cdl, ttie coil bdng excited electrlcaUy to attract 
and repel ttie magnet j - 

12. Apparatus according to any of the preced- 
ing daims. characterised in that ttie read head (30) 

20 is mounted on an assembly (32) supported by 
means of a torston bar ^). 

13. Apparatus according to claim 12, . charac- 
terised In that the read head (30) Is movably os- 
dllated at the resonant frequency of the torsion bar 

as (52). 

14. Apparatus according to claim 13..charac- 
terised In that the resonant frequency is in the 
range of 50Hz to 250Hz. ^ 

15. Apparatus according to any of the precede 
30 Ing claims, charcterised in that it furtfter comprises 

means (103, 104, 106. 107. 108) for detecting ttie 
end pdnte of travel of the osdllatory movement of 
ttie read head (30). > ? 

16. Apparatos accord^ig to daim 15.' charac- 
35 terised in ttiat ttie read head (30) is movably os» 

dilated at the resonant frequency of ttie torsion bar 
(52), and the output from the detecting means ( 
103. 104. 106, 107. 108) Is applied in a positive 
feedback manner to the means for osdlla&ig the 
40 read head, to maintain resonant osdilation. : 

17. Apparatus according to cl^m 15 or 16. 
diaracterised in that the detecting means comprise 
a magnet (103) attached to the read head assem- 
bly (30, 32), and a magnetic pick up (104) mounted 

45 on the second member. 

18. Apparatus according to daim 15 or 16, 
characterised In that the detecting means comprise 
a linear variat>te differential transformer displace- 
ment sensor having a core axlally movabte in the 

50 direction of scan wittiing ttie colls of a differential 
transformer 

19. Apparatus according to any of the preced- 
ing daims, characterised in ttiat it furttier com- 
prises means (60, 62, 112, 114) for detecting when 

55 the read head PO) is in a predetermined refermice 
position relative to the second member, whereby 
the code read on either skJe of the reference 
position can be aligned to ensure ttiat it conre- 
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spends to a reading at the reference position. 

20. Apparatus according to daim 19. charac- 
terised in that the reference position detecting 
means comprise an optical detector (60) and an 
optical reference marie (62). mounted on the read 5 
head assembly (30, 32) and the other on the sec- 
ond memt)er. t 

21. Apparatus according to daim 19 or 20. > . . 
characterised in that the optical detector ddO) com- 
prises a first optical fibre (68) for delivering light io 

lirom a source to ilhirnlnate the reference rnark (62), 

and second (64) and third (66) optical fibres for ; . 

receiving light reflected back from the reference 

marie (62) and delivering the light to respective light 

detectors, the second (64) and third (66) optical is ^:: 

fibres being positioned on either side of the first ^.i; ^ 

optical IXbm ^). ttie arrangement being such that, / : 

in use during the oscillatory movement of the read >: 

head assembly, when the reference mark is in the -in;.. 

reference position, light is reflected equally down 20 

the second (64) and third (66) optical fibres, when 

the reference mark is offeet to one side of the 

reference position, light is reflected mostly down : 3. ' . ^ > 

the second optical fit>re (64), vvhen the refererK:e ; iri . 

mark is offset to the other skle of the reference 25 < i . 

positk>n, light is reflected mostly down the third , .i^or^ 

optteal fibre (66). 

22. Apparatus according to claim 21, charac* 
terised in that it furttier comprises an electronic 
circuit (1 12) for ot^ning a signal corresponding to so 
the difference between the outputs of the light 
detectors, such that in ttie reference position the 
difference signal is zero. 

23. Apparatus according to claims 20, 21 or 22, 
characterised m that ttie op ti cat reference mark 35 
(62) is a chrome line formed on glass, the wklth of 
the line being less than the distance (E) between 
outermost parts of the ligtit transmissive cores (64\ 
66') of the second and third optical fibres (64, 66). 

24. Apparatus according to any of the preoed- 40 
ing claims, characterised in that the code on the 
track consists of binary features, further comprising 
means (120. 122, 124. 126, 128, 130, 132, 134. 
138) for determining the relative positknis off the 
reference position and the beginning and end of 45 
the coded data bit during which the reference posi- 
tion Is detected, the means comprising a first timer 
(126) for timing the period t>etween ttie Instant that 
the reference position is detected and the end of 
the coded data twt during whfch the detection 00- so 
curs, and a second timer (120. 122, 124) for timing 
the period between ttie instants ttiat ttie beginning 
and end of the coded data bit are read by the read 
head. 

55 
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